K
idney transplantation is the treatment of choice in patients with end-stage renal disease. Although kidney transplantation outcomes have greatly improved and renal allograft survival exceeds 90% at 1 year posttransplantation, 1 medical complications after transplantation are common, ranging from mild symptoms to life-threatening conditions. 2 Certain medical complications are associated with adverse posttransplantation outcomes, including graft loss. 3 In particular, we previously showed gastrointestinal (GI) complications posttransplantation to be associated independently with poor graft outcomes. 4 Among GI complications, diarrhea is very common. 5 The incidence of diarrhea ranged from 13% to 38% for regimens containing cyclo-sporine and mycophenolate mofetil (MMF) [6] [7] [8] [9] [10] and 29% to 64% for regimens with tacrolimus and MMF. 11, 12 To assess the impact of diarrhea on kidney transplantation outcomes, we conducted this retrospective study of a large cohort of recent kidney transplant recipients by using Medicare claim data in the US Renal Data System (USRDS). The objectives of this study are to quantify the risk of diarrhea, identify clinically relevant risk factors, and estimate the impact of this complication on such posttransplantation outcomes as graft loss and patient survival. Because the cause of diarrhea can be infectious, noninfectious, or both, we categorized diarrhea into groups and studied them accordingly.
METHODS

Study Design, Setting, and Population
In this historic cohort study, we included all first renal allograft recipients who underwent transplantation between January 1, 1995, and December 31, 2002, and were reported to the Organ Procurement Transplant Network Registry and the USRDS with a functioning graft at the time of discharge from the transplantation hospitalization. We limited the study population to those who had Medicare as their primary insurance provider. We excluded all patients receiving a multiorgan transplant or undergoing retransplantation and those with inconsistent coding for immunosuppression regimens at discharge. The Institutional Review Board of Saint Louis University (St Louis, MO) approved the study protocol.
Variables of Interest and Measurement
Definition of Diarrhea
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 CM) codes contained in Medicare billing data supplied by the USRDS were used to identify transplant recipients with diarrhea. Both Medicare inpatient and outpatient services claims (part A and B) were used. Because of the large number of diagnoses and heterogeneous causes of diarrhea, we classified patients in 5 subgroups according to whether the specific causes of diarrhea were identified and whether they were infectious in origin by using the following 
Outcomes Associated With Diarrhea
The primary outcome was graft failure, identified by return to dialysis therapy, retransplantation, or death. Secondary outcomes were patient death and death-censored graft loss as reported in the USRDS and United Network for Organ Sharing (UNOS) registers.
Baseline Demographic and Clinical Characteristics
Baseline recipient factors as reported in the USRDS and UNOS registers included age, sex, race, ethnicity, body mass index, causes of end-stage renal disease, duration of dialysis therapy before transplantation, smoking habit, alcohol abuse, functional limitation, history of diabetes, hypertension, cerebrovascular disease, peripheral vascular disease, congestive heart failure, angina pectoris, arrhythmia, chronic obstructive pulmonary disease, and preceding myocardial infarction and donor factors, including age, race, ethnicity, living/deceased status, hypertension, drug abuse, body mass index, diabetes, and smoking habit. Transplant factors included cytomegalovirus (CMV) seropairing, degree of HLA matching, delayed graft function, and reactive antibody panel (peak panel reactive antibody Ͼ 80%). Maintenance immunosuppressive regimens were ascertained at baseline by using UNOS discharge data. Regimen groups were mutually exclusive.
Statistical Analysis
Cumulative Incidence of Diarrhea
Incidences of diarrhea were calculated by using the product-limit method. The administrative claim with the earliest clinical visit for each type of diagnosis defined the event date so that each patient was counted only once in the analysis. Because patients experienced different types of diarrhea during the study period, diarrhea diagnosis categories were not mutually exclusive. We did not examine the temporality of dual diagnosis.
Risk Factors for Diarrhea
We used multivariate Cox proportional hazards analysis to obtain estimates of risk of developing diarrhea (hazard ratios [HRs] and 95% confidence intervals) controlling for the baseline recipient, donor, and transplant-related characteristics listed. To correct violations of the proportional hazards assumption, we tested all time-interaction terms and retained in the final model only those with P less than 0.001. We considered P less than 0.05 to be statistically significant.
Outcomes Associated With Diarrhea
We used multivariate Cox proportional hazards analysis with diarrhea as a time-varying covariate to obtain estimates of the risk of primary outcomes (HRs and 95% confidence intervals) according to known confounding factors. We included all variables listed as possible confounders in the model of graft loss. We censored death and all-cause graft failure on 3 years posttransplantation (the time patients lose Medicare coverage) and on the last possible claim date (December 31, 2002) . We also censored all-cause graft failure on death in the death-censored graft failure models. We censored our diarrhea diagnosis variables on 3-year posttransplantation follow-up, last possible claim, and outcome.
Because diarrhea diagnosis may be an incidental event during a hospitalization for other unrelated causes, the risk of poor outcomes associated with diarrhea could be overestimated by our analyses. To estimate the magnitude of this possible bias, we performed a sensitivity analysis with the conservative assumption that all diarrhea cases that occurred during a hospitalization were misclassified. Thus, diarrhea cases were categorized as hospitalized or not hospitalized according to their status at the moment of first diagnosis. A multivariate Cox proportional hazard analysis was used to assess the risk of graft loss, including hospitalized and nonhospitalized diarrhea as time-varying covariates. Adjustments of HR estimates are provided for all covariates listed.
In a reduced model including all the mentioned variables, we verified the validity of the proportional hazards assumption testing with time interactions, and violations of the proportionality assumption were corrected by retaining significant time interactions in the final model. In the full model, we also included interaction terms between different types of diarrhea to adjust for the possible confounding effect of more than 1 type of diarrhea occurring in the same patient. We used a stepwise approach to limit final models to include only time interactions with P less than 0.001 and cross-interactions with P less than 0.05, an inclusion level for variable selection that protects against negative confounding factors. However, a thorough analysis of multiple diarrhea type interaction is beyond the objectives of this study. All results were tested for interference caused by collinearity. SAS for Windows, version 9 (SAS Institute, Cary, NC), was used for all statistical analyses.
RESULTS
Characteristics of the Sample
We identified 42,257 eligible Medicare beneficiaries who received their first renal allograft during the study period. Of them, 815 had multiple inconsistent immunosuppression regimen prescriptions in the UNOS discharge record and were excluded from analysis. Baseline characteristics of study subjects are listed in Table 1 . The majority of patients were white, non-Hispanic, men, and older than 45 years. The 3 most common causes of end-stage renal disease were diabetes, hypertension, and glomerulonephritis. Almost 80% received the organ from a deceased donor. About three quarters of patients had hypertension, 16.2% were obese, 3.1% were smokers, and 0.6% were alcohol abusers. A history of cardiovascular diseases, such as chronic heart failure (6.9%), myocardial infarction (1.5%), and peripheral vascular disease (6.3%), was present in a minority of cases (data not shown). MMFbased regimens were the most prescribed in the overall sample. Almost 25% of subjects were discharged with immunosuppression schemas not classifiable in the 4 most represented regimens; of them, 1,872 (4.5%) were missing values for this variable.
Incidence of Diarrhea
There were 7,103 cases of diarrhea during the study period. The cumulative incidence of all types of diarrhea increased during the 3 years after kidney transplantation (Table 2) . Compared with all other categories of diarrhea, the cumulative incidence of unspecified noninfectious diarrhea was the highest during the whole study period. At 3 years posttransplantation, the incidence of unspecified noninfectious diarrhea was 19.0% (95% confidence interval, 18.5% to 19.4%), whereas the type of diarrhea with the next highest incidence, ulcer- ative colitis, was at 2.9% (95% confidence interval, 2.7% to 3.1%).
Independent Risk Factors for Diarrhea
Independent clinical correlates of diarrhea are listed in Table 3 . After controlling for potential confounders, women and those with diabetes were at greater risk of diarrhea. HLA mismatch was associated with unspecified diarrhea. White recipients and those with a longer dialysis history were at greater risk of unspecified noninfectious diarrhea. CMV-seronegative patients receiving a kidney from a CMV-positive donor were at greater risk of noninfectious and unspecified infectious diarrhea than all other combinations of recipient and donor CMV serological test results.
Type of maintenance immunosuppression also affected risk of diarrhea. Compared with patients receiving cyclosporine and MMF, those receiving cyclosporine and azathioprine had a lower risk of developing unspecified noninfectious diarrhea (HR, 0.90), whereas risk increased in patients prescribed tacrolimus with both MMF (HR, 1.37) and azathioprine (HR, 1.22). Discharge regimens containing mammalian target of rapamycin inhibitors were associated with a slight increase in risk of unspecified noninfectious diarrhea.
Outcomes After Diarrhea
Hazards of graft loss, death, and deathcensored graft loss after adjustment for a variety of clinically important risk factors for all categories of diarrhea are listed in Table 4 . All types of diarrhea significantly increased the risk of graft loss in the full model (HR range, 1.31 to 2.73). After controlling for the confounding effect of more than 1 diarrhea type occurring in the same patient, risks of graft loss, death, and deathcensored graft loss were unchanged or increased for each diarrhea type compared with the reduced model.
Unspecified noninfectious diarrhea, the most commonly diagnosed form of diarrhea, doubled the risk of graft failure, death, and deathcensored graft failure. Other factors with a significant impact on graft outcomes included donor age and recipient race, cause of end-stage renal disease, HLA mismatch, duration of dialysis therapy before transplantation, CMV status, delayed graft function, and such recipient comorbidities as cerebrovascular diseases, congestive heart failure, and angina pectoris. Finally, patients receiving tacrolimus with MMF had a lower risk of graft loss compared with those prescribed regimens containing azathioprine (not shown).
Sensitivity Analysis
Effects of diagnosis setting on graft loss are listed in Table 5 . Among those patients diagnosed with diarrhea in the outpatient setting (nonhospitalized group), all types of diarrhea remained an independent risk factor for graft loss (HR range, 1.53 to 2.72).
DISCUSSION
This study of Medicare claims data indicates that the cumulative 3-year posttransplantation incidence of diarrhea was 22%. More than 80% of patients had a diagnosis of the unspecified noninfectious type, and almost half the cases first occurred in the first posttransplantation year. This temporal pattern is consistent with the dynamics of transplant-related complications. 4, 13 Most importantly, posttransplantation diarrhea Note: Values expressed as percent (95% confidence interval) unless noted otherwise. Definition, frequency, and cumulative incidence of diarrhea during 3 years after kidney transplantation. Note: Values expressed as hazard ratio (95% confidence interval). Independent risk factors for diarrhea after kidney transplantation; associations between recipient, donor, and graft-related baseline characteristics and risk of developing diarrhea. All significant associations at P Ͻ 0.05 level are printed in bold type.
Abbreviations: CMV, cytomegalovirus; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin.
doubled the risk of graft loss, patient death, and death-censored graft survival. Diarrhea is a common complication in kidney transplant recipients. Immunosuppressive agents are known to make transplant recipients susceptible to infectious diarrhea.
14 They also can cause direct injury to the GI tract, resulting in noninfectious diarrhea. 15 In clinical trials evaluating the effects of immunosuppression, the incidence of diarrhea ranged from 16% to 64%, depending on the regimen and duration of the study.
6-12 Our estimate is in the lower bound of that range. In our study, we used claims data to ascertain diarrhea, which likely accounts for the lower incidence observed in our study compared with previous clinical trials. Claims tend to capture more severe cases or cases in which treatment is sought, whereas clinical trials generally have a greater capture rate of less severe complications.
The cause of diarrhea may include infectious and noninfectious causes and can be multifactorial. 5, 14 Differentiation between infectious versus noninfectious causes of posttransplantation diarrhea includes the presence of fever, leukocytosis, leukocytes in stools, and specific imaging or endoscopic findings. 5 The incidence of unspecified noninfectious diarrhea increased from 9.0% in the first year to 19.0% in the third year after transplantation. The cumulative incidence of the other types of diarrhea remained low for Note: Independent effect of different types of diarrhea on graft outcomes during a 3-year follow-up period. Values expressed as hazard ratio (95% confidence interval). Hazard ratios adjusted for recipient and donor transplant-related characteristics as described in Methods section. Model 1 adjusted for time interactions. Model 2 adjusted for time interaction and interaction between different types of diarrhea. Time interactions not statistically significant at the 0.001 level and cross-interaction terms not statistically significant at the 0.05 level were eliminated from the final model. All significant associations at P Ͻ 0.05 level are printed in bold type. Note: Risk of graft loss associated with a diarrhea episode occurred during a hospitalization. Hazard ratios adjusted for recipient and donor transplant-related characteristics as described in Methods section. the duration of the study. We found medical claims for specific causes of infectious diarrhea in about 2% of kidney transplant recipients during the 3-year follow-up, and about 40% of cases occurred within the first year. The diagnosis of specific causes of infectious diarrhea requires positive identification of the responsible organisms. The true incidence of specific types of diarrhea is not well documented, and confirmation of the specific causes can be difficult. The proportion of patients diagnosed as infectious in our sample was 17%, which is less than that previously reported in a small case series of 108 patients with severe diarrhea. 16 One possible explanation for this difference is that some mild infections may have gone unrecognized in our sample and been classified as unspecified noninfectious diarrhea cases. In addition, time from transplantation at the time of enrollment in the mentioned case series ranged from 1 to 258 months, whereas we observed patients along a narrower time frame (36 months posttransplantation). In our sample, the incidence of infectious diarrhea increased by 29 times during the follow-up period versus a 13-times increase in cumulative incidence of noninfectious diarrhea. It therefore is possible that longer follow-up would have allowed us to observe a larger proportion of infectious cases.
One of the objectives of the study is to identify clinical correlates of posttransplantation diarrhea. We found female sex was associated with an increase in incidences of all types of diarrhea. Transplant recipients with type 1 diabetes were at risk of noninfectious diarrhea, which may be caused in part by the presence of diabetic autonomic neuropathy involving the GI tract. 17 We also found that CMV-naïve serostatus in recipients of organs from CMV-seropositive donors is associated with increased risk of unspecified noninfectious diarrhea and unspecified infectious diarrhea. Valganciclovir and ganciclovir used to prevent CMV infection are associated with diarrhea and could in part explain the greater incidence of diarrhea in this group. 18 It also is possible that a fraction of unspecified noninfectious diarrhea was directly caused by CMV visceral dissemination, which is prone to underascertainment in routine examinations. 19 However, Maes et al 16 reported that only 7% of patients affected by severe diarrhea had a diagnosis of CMV infection by means of histological examination, and only 4.5% responded to intravenous ganciclovir (10-to 24-day treatment course). Based on these data, only a small fraction of misdiagnosed CMV cases could have biased our results, even assuming the unrealistic hypothesis that all CMV colitis cases were erroneously classified under the unspecified noninfectious group.
Finally, according to previous research, we found that regimens based on MMF and tacrolimus were associated with a greater incidence of infectious and unspecified noninfectious diarrhea. However, the lack of follow-up data about treatment regimens and dosage did not allow us to account for regimen changes and examine the dose-response relationship of immunosuppression exposure and diarrhea incidence.
We and others previously showed that overall GI complications were associated with an increased risk of graft loss. 4, 20, 21 In this study, irrespective of the underlying cause, infectious or noninfectious, specific or unspecific, diarrhea was associated with an increased risk of graft loss and patient death.
Patients with a diagnosis of unspecified noninfectious diarrhea had a 2-fold increased risk of graft failure, death-censored graft failure, and death. It is possible that diarrhea is an incidental event in the course of hospitalization for other unrelated causes or the consequence of severe medical conditions. In this case, the medical condition leading to hospitalization (instead of the diagnosis of diarrhea itself) could be the risk factor detected, and our findings reflect the increased likelihood of diarrhea being diagnosed during a hospitalization rather than a true association. However, these concerns are partially discounted because even cases of diarrhea diagnosed in outpatient settings were associated with a significant greater risk of graft loss. Nonetheless, even in outpatient settings, diarrhea can result from the treatment of severe concurrent diseases (eg, antibiotics, chemotherapy, and radiotherapy) or be a manifestation of systemic conditions that can be detrimental to graft outcomes per se. We could not verify this hypothesis in our study. However, recent findings suggested that less than 20% of severe diarrhea cases in kidney transplant patients remained unexplained after an infectious cause was systematically searched for and treated and immunosuppression dose was decreased. 16 The combination of tacrolimus and MMF is one of the most effective immunosuppressive regimens despite the high incidence of GI complications. However, the presence of posttransplantation diarrhea often is associated with a subsequent decrease in MMF dose. In addition, we previously found an association between GI complications and poor adherence to treatment protocols. In the same study, poorly adherent patients faced a greater risk of graft loss.
22 Dose reductions or discontinuation may result in inadequate immunosuppression and lead to worse graft and patient survival rates. We previously showed that MMF dose reduction or discontinuation after any type of GI event was associated with increased risk of graft loss. 23 Thus, dose reductions or discontinuation of immunosuppressive drugs should be avoided when possible, and identification of specific causes of diarrhea, even paucisymptomatic forms, should be pursued because the inflammatory response impairment in kidney transplant recipients can mask symptoms. 24 As shown by Maes et al, 16 aggressive and systematic diagnostic management can avoid decreasing the immunosuppression dose in almost 50% of patients with severe diarrhea.
In addition, diarrhea has detrimental effects on quality of life. It recently was reported that patientreported diarrhea symptoms were associated with impaired quality of life, with the latter becoming more impaired the more severe the GI symptoms. 25 Preliminary data suggest that changes in immunosuppressive therapy could improve GI symptom burden and increase GI-specific health-related quality of life in patients experiencing GI symptoms, including diarrhea. 26, 27 There are several limitations to this study. First, the definition of diarrhea varies and claims data may be subject to coding bias and error. It is likely that we underestimated the incidence of diarrhea. Second, we did not examine the Medicare claim report before transplantation. Because diarrhea can be a chronic illness, it is possible that some of these diarrhea claims may not be of new onset or specific to the transplantation setting. For example, although we found an increase in the diagnosis of ulcerative colitis during the study period, new-onset ulcerative colitis after transplantation is a rare phenomenon caused by concurrent immunosuppression therapy. Third, we included in our analysis only Medicare beneficiaries. Differences and similarities of Medicare beneficiaries compared with the general kidney transplant population were discussed elsewhere. 3 Medicare beneficiaries compared with the general kidney transplant population are slightly older, less educated, more likely to be African American, and have a greater burden of comorbid conditions (obesity and hepatitis C infection) and larger number of HLA mismatches. Finally, although we provided evidence of a detrimental effect of diarrhea on transplantation outcomes, we cannot prove the causal relationship between the two. A study of events and/or intervention after diarrhea is crucial to address factors that may explain the adverse outcomes. Given that some immunosuppressive agents are associated with diarrhea, examination of medication changes after diarrhea and adherence/compliance to immunosuppressive agents after diarrhea could shed new light on the clinical management of patients with diarrhea. Other additional factors may impact on the association between diarrhea and decreased graft and patient survival. Additional studies would be able to investigate whether an added effect exists. The nature of these relationships is beyond the scope of this study.
However, registry data offer real-world descriptions of clinical practices and are relatively free from investigator bias. Also, we provided relatively complete follow-up of all Medicare beneficiaries receiving a kidney transplant in the United States between 1995 and 2002 with a wide set of clinically relevant covariates. Results from retrospective population-based studies can help generate well-founded scientific hypotheses, offer guidance for the management of patients, and contribute to set public health priorities.
In conclusion, posttransplantation diarrhea was frequent, and the most common type was of unspecified noninfectious origin. This type of diarrhea was associated with increased risk of graft loss, patient death, and death-censored graft survival. Immunosuppressive regimens based on tacrolimus and MMF combined were associated with a greater incidence of unspecified noninfectious type of diarrhea. Additional modifiable factors also were associated with an increased risk of diarrhea. Our findings provide the rationale for studies uncovering the underlying cause, describing the natural history, and evaluating the relationship of diarrhea with the incidence of graft loss.
Diarrhea in Kidney Transplant Recipients
485
